The T. maritima SurE must function at temperatures a long ␤ sheet that is composed of nine mostly parallel as high as 94 o C. We sought to explain how the protein ␤ strands in the following order ␤3↑-␤4↓-␤2↓-␤1↓-␤5↓-␤6↓-maintains structural stability at such high temperatures. ␤7↓-␤11↑-␤8↑ (Figure 2 ). Strands ␤1-␤7 are part of the One possible explanation for the high stability of SurE N-terminal domain, and strands ␤8 and ␤11 are part of is the numerous salt bridges formed on the surface of the C-terminal domain. Four long ␣ helices, ␣1, ␣2, ␣4, the protein. There are five inter-subunit salt bridges and ␣5, and two short 3 10 helices, ␣3 and ␣6, complete (Asp156-Lys241, Asp185-Lys76/Glu115, Asp213-Arg243, the N-terminal domain sandwich.
Glu236-Arg177, and Glu244-Lys240) and ten intra-subunit The C-terminal domain, in addition to the ␤8-␤11 salt bridges (Glu188-Arg190, Glu207-Arg181, Glu208-strands, has two long protrusions; one is formed by the Arg182, Asp209-Arg180, Asp210-Arg180, Glu137-Arg141, C-terminal ␣ helix (␣8), and the second is formed by a Asp145-Lys148, Glu221-Arg220, Glu28-Arg2, and Glu115-27 Å -long ␤ hairpin (strands ␤9 and ␤10) (Figures 1d Lys76). In general, residues involved in the formation of and 2). Helices ␣7 and ␣8 are also a part of the C-terminal these salt bridges are not conserved or are only partly domain fold. The N-and C-terminal domains are con- The crystal structure showed that the SurE tetramer authors concluded that the PHO2_Yarl1 ORF encoded a new acid phosphatase. PHO2_Yarl1 shows 24% identity is assembled from dimers by way of the ␤-hairpin extensions. Highly networked and specific interactions be-(over 200 residues) with T. maritima SurE. Using this information as a starting point, we examined SurE enzytween dimers involve several symmetry-related pairs of cause SurE and galactose oxidase show no structural coli host. However, the properties of the enzyme dehomology and in fact are very different folds (␣/␤/␣ and scribed here are consistent with a novel type of phosphaall-␤, respectively). In addition, the presumed catalytic tase from thermophile T. maritima. The temperature deresidues in SurE are not found in the galactose oxidase pendence is consistent with that of a thermophilic structure, and the catalytic residues of galactose oxiorganism, with little or no activity detected at 37 ЊC (data dase are not conserved in the PHO2_Yarl1. Therefore, not shown) and significant activity detected beyond 85ЊC.
we conclude that SurE protein represents an acid phosphatase that has not been reported previously.
SurE Acid Phosphatase Shows Substrate Selectively
A Catalytic Site Suggested from the Structure We examined the phosphatase activity of SurE on a Enzymes performing the same function in different sperange of phosphate esters (Table 1) 
Functional Implications
In many bacteria, the rpoS RNA polymerase, which regulates transcription of genes in response to cell stationary phase, is clustered with three other genes, including genes for a lipoprotein, nlpD, an L-isoaspartate O-methyltransferase, pcm, and a novel acid phosphatase, surE, a stationary-phase survival protein. All these genes appear to be associated with environmental-stress response.
We have shown here that the product of the surE gene is a novel acid phosphatase. However, the physiological role of SurE during environmental stress is not clear. Acid phosphatases are expressed under a variety of conditions and in response to many stimuli. It is believed that acid phosphatases play an important role during cell starvation for phosphorous scavenging and remobilization. In fact, plants respond to phosphorous starvation by increasing the production and secretion of acid through fraction was then applied to a metal chelate affinity column dia. The reducing reagent ␤-mercaptoethanol (5 mM) was added to all purification buffers. charged with Ni 2ϩ . The hexa-histidine tag was eluted from the column in elution buffer (500 mM NaCl, 5% glycerol, 50 mM HEPES [pH 7.5], 500 mM imidazole), and the tag was then cleaved from the p-Nitrophenyl Phosphate Phosphatase Assay Phosphatase activity was measured by monitoring p-nitrophenol protein by treatment with recombinant His-tagged TEV protease. The cleaved protein was then resolved from the cleaved His-tag resulting from the hydrolysis of p-nitrophenyl phosphate. Reaction mixtures included the disodium salt of p-nitrophenyl phosphate and the His-tagged protease by flowing the mixture through a second Ni 2ϩ -column. (Sigma), the indicated buffer, 5% (v/v) glycerol, various concentrations of magnesium sulfate, and either purified SurE protein in 50 The surE protein was dialyzed in 10 mM HEPES pH 7.5, 500 mM NaCl, and concentrated using a BioMax concentrator (Millipore). mM sodium HEPES with 500 mM NaCl and 5% glycerol (pH 7.5) or an equivalent volume of the buffer alone. Incubations were performed in Before crystallization, any particulate matter was removed from the sample by passing through a 0.2 m Ultrafree-MC centrifugal filter a circulating water bath. At the specified time points, 100 l of the reaction mixture was mixed with 900 l of water, and the absorbance (Millipore). For the preparation of selenomethionine (SeMet) enriched protein, the T. maritima SurE was expressed in the methionine was measured at 410 nm. The activity was calculated from the linear increase in absorbance from 3 to 8 min with a molar extinction auxotroph strain B834(DE3) of E. coli (Novagen) and purified under the same conditions as the native protein in supplemented M9 mecoefficient of 18,500 for p-nitrophenol. Buffers were adjusted to pH D9N, or D8N) either at a 2 mg/ml concentration or premixed with standard proteins was centrifuged at 14,000 rpm for 10 min before being injected into the column through a 20 l injection loop. Filtration was carried out at 20ЊC at a flow rate of 1 ml/min. The eluted proteins were detected at the temperature used in the assay, except for the experiment absorbance measurement at 280 nm. in which temperature was varied. Here, the pH of the buffer was determined at 76ЊC. 
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